In this paper Lowen type multi-fuzzy topological space has been introduced and characterization of topology by its nbd system is studied. Also the product multi-fuzzy topological space has been introduced and it has been investigated that 2nd countability and compactness are finitely productive in multi-fuzzy topological spaces.
Introduction
Fuzzy set theory, which was first initiated by Zadeh [15] in 1965, has become a very important tool to solve many complicated problems arising in the fields of economics, social sciences, engineering, medical sciences and so forth, involving uncertainties and provides an appropriate framework for representing vague concepts by allowing partial membership. Many researchers have worked on theoretical aspects and applications of fuzzy set theory over the years, such as fuzzy control systems, fuzzy logic, fuzzy automata, fuzzy topology, fuzzy topological groups, fuzzy topological vector spaces, fuzzy differentiation etc. [1, 4, 5, 8, 9, 10, 11] . A new type of fuzzy set (multi-fuzzy set ) was introduced in a paper of Sebastian and Ramkrishnan [12] by ordered sequences of membership function. This notion of multi-fuzzy sets provides a new method to represents some problems which are difficult to explain in other extensions of fuzzy set theory [14] . The topological structure in this setting has been defined by Sebastian and Ramkrishnan [13] . Also, Dey and Pal [2] introduced the notion of multi-fuzzy complex numbers, multi-fuzzy complex sets, multi-fuzzy vector spaces etc. In this paper Lowen type multi-fuzzy topology is introduced and characterization of nbd system is done. Continuity of functions is studied. A notion of product of multi-fuzzy topologies is introduced and productive properties of 2nd countability and compactness are also established. 
(ii) the intersection of any two multi-fuzzy sets in τ belongs to τ.
(iii) the union of any number of multi-fuzzy sets in τ belongs to τ. 
For the sake of simplicity we denote the multi-fuzzy set
In 
(ii) the inverse image of a multi-fuzzy set B ∈
Proposition 2.6. Let f : X → Y be a mapping and
Lowen type multi-fuzzy topology
Unless otherwise mentioned by0 we denote the n-tuple (0, 0, .., 0).
i is said to be non-null constant multi-fuzzy set if µ A i =c i , for all i = 1, 2, .., n; wherec i (x) = c i , ∀x ∈ X is a constant fuzzy set with c i ∈ (0, 1]. This is denoted by C n X .
Definition 3.5. Let τ be a sub-collection of M X . Then τ is said to be a Lowen type multi-fuzzy topology on X if
(ii) multi-fuzzy homeomorphism if f is bijective and f , f −1 are multi-fuzzy continuous.
is multi-fuzzy continuous. The proof in the case of multi-fuzzy open mapping is similar. 
, the following statements are equivalent: 
Definition 3.11. A multi-fuzzy set F in a Lowen type multi-fuzzy topological space
(X , n ∏ i=1 I X i , τ
) is said to be a multi-fuzzy neighbourhood of a point x ∈ X if there is a G
By F x we denote the family of all multi-fuzzy neighbourhoods of x which are determined by the multi-fuzzy topology τ on X . 
) be a Lowen type multi-fuzzy topological space. Then for each x ∈ X , the family F x of all multi-fuzzy neighbourhoods of x satisfies: (i) every non-null constant multi-fuzzy set belongs to
i and x ∈ X with µ F (x) ≻0. If for each i ∈ {1, 2, ..., n} and for each 0 < r i < µ F i (x) there exists F r i ∈ F x with F r i ⊑ F and µ F r i i
Proof. We only give the proof of (iv). We see that if
i and x ∈ X with µ F (x) ≻0. Also let for each i ∈ {1, 2, .., n} and for each 0 < r i < µ F i (x) there exists F r i ∈ F x with F r i ⊑ F and µ F r i i (x) > r i . Choose j ∈ {1, 2, .., n}. Then for each 0 < r j < µ F j (x) there exists
Hence by ( * ) and ( * * ), F ∈ F x . Definition 3.15. Let X be a set and L be a function from X into the power set of
i and x ∈ X with µ F (x) ≻0. If for each i ∈ {1, 2, .., n} and for each 0 
is a Lowen type multi-fuzzy topological space. Also, for every x ∈ X , the family F x of all multi-fuzzy neighbourhoods of x with respect to the multi-fuzzy topology τ L is exactly L (x).
Proof. Clearly every constant multi-fuzzy set belongs to τ L . Now we see that from 
, where x ∈ X and F x is the family of all multi-fuzzy neighbourhoods of x with respect to τ. Then L τ is a multi-fuzzy neighbourhood system on X and τ L τ = τ.
Proof. By Proposition 3.14, L τ satisfies the conditions (N1) to (N5) and therefore is a multifuzzy neighbourhood system on X . By Proposition 3.16, τ L τ is a multi-fuzzy topology on X .
Also, from Proposition 3.16, we can say that for each x ∈ X , the multi-fuzzy neighbourhoods of x with respect to τ L τ are exactly same as the members of F x . Since a multi-fuzzy set U is open iff it is a multi-fuzzy neighbourhood of each point x satisfying µ U (x) ≻0, it follows that τ L τ = τ. 
Product multi-fuzzy topology
Unless otherwise mentioned, in the rest part of this paper, multi-fuzzy topological space means Lowen type multi-fuzzy topological space. 
